Object This study was undertaken to investigate the frequency of pulmonary hypertension (PH), and clinical parameters associated with PH in patients with idiopathic interstitial pneumonias (IIPs) and collagen vascular disease-associated interstitial pneumonias (CVD-IPs). Patients and Methods Retrospective analyses were performed in 163 consecutively enrolled patients (78 IIPs and 85 CVD-IPs) who were being evaluated for PH by Doppler echocardiography. PH was defined as an estimated systolic pulmonary artery pressure (sPAP) of !40 mmHg. The frequency of PH was evaluated and clinical parameters were compared between patients with PH and those without PH. Results Among patients successfully evaluated for sPAP by echocardiography, 20 of 70 (28%) patients with IIPs and 17 of 80 (21%) patients with CVD-IPs had PH. Among patients with IIP and CVD-IP, those with PH were more frequently treated with supplemental oxygen. Patients with IIP who had PH tended to be older and had decreased % diffusion capacity of carbon monoxide (%DLCO). Additionally, in patients with IIP, sPAP was negatively correlated with %DLCO. However, this association was not found in patients with CVD-IP. Patients with CVD-IP who had PH were predominantly male. Conclusion PH was frequently observed in patients with both IIPs (28%) and CVD-IPs (21%) in the chronic phase of the disease. PH should be evaluated in patients with IPs who need supplemental oxygen, IIP patients with decreased diffusing capacity, and in patients with CVD-IP.
Introduction
Idiopathic interstitial pneumonias (IIPs) make up a heterogeneous group of lung disorders which result from damage to the lung parenchyma and exhibit varying histopathologic patterns of inflammation and fibrosis due to unknown causes. In 2002, an international multidisciplinary classification of the IIPs was proposed, which included seven clinical, radiologic, and pathologic entities including idiopathic pulmonary fibrosis (IPF) (1) . Patients with IPF are prone to pulmonary hypertension (PH) (2) (3) (4) , and the condition is as-sociated with a poor prognosis (2) . PH could be a causative factor that drives the process of IPF into acute exacerbation. Collagen vascular diseases (CVDs) are also known to cause interstitial pneumonia (1) , and they can also cause PH in the presence or absence of interstitial pneumonias (IPs) (5) (6) (7) (8) . In patients with systemic sclerosis, PH can adversely affect survival (5) . Considering the poor outcome reported in patients with IPs associated with PH, the detection of PH in its early stage is clinically important. Thus, it is necessary to investigate the risk factors involved in the development of PH in IPs.
In IIPs, the possible mechanisms that cause PH are destruction, obliteration and compression of the pulmonary vascular bed, and hypoxic vasoconstriction (9) . In CVDs, the same mechanisms might cause PH when interstitial pneumonia co-exists. Other causes thought to be involved in the development of PH are endothelial proliferation, vascular inflammations, and thrombosis (6) . Among the different mechanisms thought to be involved in the development of PH, those associated with IIPs and CVDs are classified into different categories in the World Health Organization classification of PH (10) . In CVD-IPs, all of the mechanisms that cause PH in CVDs and IPs might be involved in the development of PH. Based on this, we hypothesized that different clinical parameters affect PH in IIPs and CVDs.
In this study, we aimed to investigate the frequency of PH in patients with IIPs and CVD-IPs who were being followed at one outpatient clinic. In order to investigate the presence of PH in a large number of patients, Doppler echocardiography was selected as a screening method to estimate systolic pulmonary artery pressure (sPAP). Next, to investigate the risk factors associated with PH, clinical parameters including pulmonary function test results were retrospectively analyzed.
Materials and Methods

Study Population
The study population comprised 78 patients with IIPs and 85 patients with CVD-IPs who were being followed at the out patient clinic of Central Clinic of Kyoto 1) , and the remaining 21 cases were clinically diagnosed to have IIPs, but did not meet the criteria of the clinical diagnosis of IPF.
The diagnoses of systemic sclerosis (SSc) (11), rheumatoid arthritis (RA) (12) , and systemic lupus erythematosus (SLE) (13, 14) were made based on the diagnostic criteria of the American College of Rheumatology. Polymyositis/ Dermatomyositis (PM/DM) was diagnosed according to the criteria described by Bohan et al (15) . Mixed connective tissue disease (MCTD) was diagnosed according to the criteria defined by the Ministry of Health and Welfare of Japan (16). The diagnosis of Sjögren's syndrome was made based on the European diagnostic criteria (17). Patients with concurrent other lung diseases were excluded from the study.
Clinical data collection
The clinical data were extracted from the medical records. The following clinical parameters were assessed in all of the studied patients: sPAP estimated by Doppler echocardiography, age, gender, smoking status, oxygen therapy, transcutaneous oxygen saturation (SpO2) under the administration of supplemental oxygen, and current treatment with immunosuppressants or vasodilators. Among the study subjects, those who underwent pulmonary function tests (PFTs) on the same day of Doppler echocardiography procedure were also assessed for pulmonary function parameters.
The study was approved by the ethics committees of Kyoto University and Central Clinic of Kyoto, and informed, written consent was obtained from all subjects.
Measurement of sPAP
Doppler echocardiography was performed using conventional clinical echocardiographic equipment (ProSound SSD-6500SV, ALOKA. Co., Ltd, Tokyo, Japan) with transducers. sPAP at rest was measured from the trans tricuspid gradient and the estimated right atrial pressure as reported previously (18) . PH was defined as sPAP of greater than or equal to 40 mmHg at rest. This value was chosen based on the criteria established by the World Health Organization Symposium on Primary Pulmonary Hypertension (1998), which defines mild PH as a sPAP of 40-50 mmHg.
Measurement of SpO2
Transcutaneous oxygen saturation (SpO2) was recorded with administration of supplemental oxygen using a pulse oximeter (PULSOX-M, Teijin Pharma Ltd., Tokyo, Japan) after 10 minutes of rest in sitting position to achieve stable values.
Pulmonary function tests
All PFTs were performed according to the American Thoracic Society guidelines (19, 20) . Vital capacity (VC), forced vital capacity (FVC), forced expiratory volume in one second (FEV1), mean forced expiratory flow during the middle half of the FVC (FEF25-75), maximum expiratory flow at the quartile of FVC (MEF25), functional residual capacity (FRC), total lung capacity (TLC), residual volume (RV), and the diffusion capacity of carbon monoxide (DLCO) were measured using Chestac-8800 (Chest M.I., Inc., Tokyo, Japan). Published equations for adults were used to determine predicted values of each parameter (21-23).
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Statistical analysis
Statistical analyses were performed using Statview software (SAS Institute, Inc., Cary, NC, USA). All the variables noted above were compared between subjects with PH and those without PH. Comparison of categorical data were made using the χ 2 test, or the Fisher exact probability test. Continuous variables were compared with unpaired t-test if normally distributed and Mann-Whitney U test when the distribution was not normal. Spearman rank correlation coefficient was used to analyze the correlation between two samples. A P value of less than 0.05 was considered to be statistically significant. Demographic characteristics of the patients with successful PAP measurement and frequencies of PH are shown in Table 1. There was no statistically significant difference in the frequency of PH between IPF/UIP and other forms of IIPs, nor among different CVDs.
Results
Frequency of PH
The association of clinical characteristics with PH
Comparison of clinical characteristics between patients with PH and those without PH are shown in Table 2 and Ta- Patients with PH were more frequently treated with supplemental oxygen in both IIPs and CVD-IPs. In IIPs, patients with PH tended to be older and were more frequently treated with vasodilators. In addition, patients with PH had lower SpO2 under oxygen supplementation, and there was a negative correlation between SpO2 and sPAP in IIPs (P< 0.05, R=-0.25). In CVD-IPs, these associations were not found. Also, subjects with CVD-IPs who had PH were predominantly male.
Association of PFTs with PH
Sixty-three of 70 (90%) patients with IIPs and 68 of 80 (85%) patients with CVD-IPs who were successfully assessed for sPAP underwent spirometry on the same day of DE procedure. FRC and DLCO were assessed in 50 (71%) and 56 (70%) of these patients, respectively (Tables 4, 5) .
In IIPs, comparison of the indices of PFTs showed that patients with PH had decreased %DLCO compared to those without PH (Table 4 ). Additionally, %DLCO showed a significant negative correlation with sPAP ( Fig. 1, P<0 .001, R=-0.52). However, these correlations were not found in CVD-IPs ( Fig. 1 Table 5 ). (3) . In fact, the frequency of PH in IPF was increased from 36% to 54% in this study, when a cutoff value of 35 mm Hg was used as in the previous report (2) . In CVDs, it was reported that PH at rest was frequently found in patients with MCTD and SSc (7 to 50%) (5, 8) , whereas PH at rest was reported to be rare in PM / DM, RA, and in Sjögren's syndrome (6, 7) .
Discussion
Previous reports showed inconsistent results in the frequency of PH at rest and its association with clinical parameters in patients with IPF, likely due to the different criteria of defining PH and different backgrounds of the study subjects. Agarwal et al reported a frequency of 36% for PH in patients with IPF/UIP (4), while others reported higher frequencies (70-84%) (2, 3); this maybe due to the lower cutoff value of sPAP used to define PH (2), or biased selection of patients with progressed disease
In this study, we investigated the frequency of PH at rest and its association with clinical parameters in patients with IIPs and CVD-IPs. It has recently been recognized that Doppler echocardiography is a useful technique for detection of PH and it was used in previous studies to detect PH in patients with IIPs [2, 4] and CVD-IPs (24). Doppler echocardiography was used in this study to evaluate PH in a large
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number of patients. The frequencies of PH at rest were found to be 28% in IIPs, and 21% in CVD-IPs. Regarding the association with clinical parameters, the need for supplemental oxygen was commonly associated with PH in both groups. Older age, treatment with vasodilators, lower SpO2, and decreased % DLCO were associated with PH in IIPs, while patients with CVD-IPs who had PH were predominantly male.
The finding of significant association of PH with DLCO in IIPs was consistent with the report of Nadrous et al (2) , who showed that sPAP at rest was inversely correlated with DLCO and PaO2 in patients with IPF/UIP. In a previous study in our institution, it was also shown that the mean pulmonary artery pressure measured by right heart catheterization negatively correlated with %DLCO in patients with IPF/UIP (25). On the other hand, there was no significant correlation between %DLCO and sPAP in CVD-IPs, and some patients had higher levels of sPAP in CVD-IPs compared with IIPs (Fig. 1) . This result was inconsistent with previous reports that showed a significantly negative correlation between % DLCO and PAP in patients with SSc (26, 27) . The discrepancy might be attributable to the heterogeneous disease composition of CVDs, or to the selection of subjects who have IPs. Considering that different mechanisms may be involved in the development of PH in different CVDs (6) , and that each mechanism may affect PAP and DLCO to a different extent, it seems reasonable to find that the correlation between PAP and DLCO was weak in all types of CVD-IPs.
In CVD-IPs, PH was frequently found in RA and MCTD ( Table 2) . Male gender was predominant in RA and MCTD compared with other CVDs (male/female ratio: 7/13 vs 7/ 53, P<0.05). The male predominance of patients with PH in CVD-IPs might be attributable to this heterogeneous distribution of gender and PH among different CVDs. In IIPs, patients with PH were more frequently treated with vasodilators compared with those without PH. This might be due to the use of vasodilators to treat PH in some cases of IIPs. Among 8 patients with IIP who had PH and were treated with vasodilators, 4 cases had been previously diagnosed with PH and vasodilators had been used to treat PH in these patients. In the remaining 4 cases, vasodilators were used to treat systemic hypertension. On the other hand, these medications were often used to treat skin lesions or Raynaud's phenomenon in CVD-IPs.
Although the disease duration tended to be longer in patients with IIP who had PH compared with those who did not have PH, it was not statistically significant. Thus, the reason why older age was associated with PH in IIPs is unclear. It was reported that sPAP increased with age in patients without cardiopulmonary diseases (28); thus, the influence of age on PH in IIPs might be similar to that in normal subjects, although the highly elevated PAP in patients with PH can not be attributable solely to older age.
Among patients with IIPs, those with PH had lower SpO2, and there was a negative correlation between SpO2 and sPAP. This result may suggest that hypoxic vasoconstriction causes worsening of PH in IIPs and that appropriate supplementation of oxygen is important in the management of PH in IIPs.
The limitations of this study are as follows: First, right heart catheterization was not performed to confirm the presence and degree of PH. The lack of right heart catheterization also raises the possibility that left-sided ventricular heart disease might have affected PH in some subjects. However, none of the study subjects had left-sided heart failure in the echocardiographic assessment.
Second, the retrospective design of the study might have potential biases to select patients who underwent DE and PFTs. Although Doppler echocardiography was performed in consecutive patients with IPs, the paucity of data for PFTs might have affected the results.
Third, the presence of PH was evaluated only when patients were at rest. Weitzenblum et al evaluated pulmonary hemodynamics in 31 patients with IPF at rest and during exercise and found that PH occurred during exercise in two thirds of the patients in whom PH was absent at rest (9) . Thus, PH during exercise might occur more frequent in IPs than observed in the present study.
Despite these limitations, this is the first report in which PH was evaluated in both IIPs and CVD-IPs in a single institution. The results showed that the need for supplemental oxygen was commonly associated with PH in both IIPs and CVD-IPs. Older age and decreased diffusing capacity were associated with PH in IIPs, while male gender was associated with PH in CVD-IPs.
Based on these results, different clinical indices should be monitored to select patients with IPs who need screening for PH.
In conclusion, PH was observed in 28% of patients with IIPs and 22% of patients with CVD-IPs in the chronic phase of the disease. Different clinical indices were associated with PH in IIPs and CVD-IPs. PH should be periodically evaluated in patients with IP who need supplemental oxygen, subjects with IIP with decreased diffusing capacity, and in subjects with IP associated with CVD.
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